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(54) Transceiver element 



(57) A transceiver elenr^ent for coupling electromagnetic energy between an antenna 261 and a radar 
system has a phase shifter 40, a transmitter amplifier 24 and a receiver amplifier 28. Four switching 
devices 18a, 18b, 18c and 18d are controlled by the radar system 11, which supplies control signals 
29 thereto, and operate to steer electromagnetic energy from the radar system from an Input terminal 
33i, through the phase shifter 40 and the transmitter amplifier 24 and to an output terminal 35i to the 
antenna 26! during a transmit mode, and from the output terminaf 35i through the receiver amplifier 
28 and the phase shifter 40 to the input terminal 33i during a receive mode, so that the 
eiectromagnetic energy passes through the phase shifter 40 in the same direction during the transmit 
and the receive mode. 
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SPECIFICATION 
Transceiver element 

^ Iyitemr"^'°" '^'^^^^ ^° ^"^^""^ ^""^ """""^ particularly to phased array antenna 5 

As is known in the art an array antenna includes a plurality of individually radiating elements 
n some systems the individual radiating elements are coupled to a transmitter through a 
transrnitter element for controlling the phase and amplitude of the transmitted signal Similarlv 
1 0 the individual radiating elements are coupled to a receiver through a receiver element fo7 1 0 

cootrollmg the phase and amplitude of the received signal. In other systems the individual 
rad.atmg elements are coupled to both the transmitter and receiver through a single element 
here referred to as a transceiver for controlling the phase and amplitude of both transmitted and 

1 5 between the plurality of rad.atmg elements and a corresponding plurality of individual tran- 
sceiver e ements are controlled to obtain a desired radiation pattern. The patt^robtle^^^^^ a 
result of the combined action of all the individual transceiver and radiating elemems Many 

^inn^r m"'^ ^^T l^!!"^'' "'^^ P^^^** the microwave frequency 

on tZnnh f such phase shifters are reciprocal, that is. the phase shift of a signal passing 
20 through one of such devices .s independent of the direction which the signal passes through In 20 
some applications It is desirable to provide an active phase shifter to provide gain to a S 
passing there through Such a phase shifter is generally Inherently nonreciprocal. Thus, the use 
of an nonreciprocal phase shifter in a transceiver would require the use of two of such phase 
shifters, A developing trend In phased array antenna systems Is toward production of the 
25 transcerver elements in monolithic integrated circuit form. This is desired in-order to reduce cost 25 
and size factors generally associated with phased array antenna systems and to provide phased 
array antennas adapted for certain applications where size and cost are critical such as airborne 
or space based radar systems. 
In accordance with the present invention, a transceiver for coupling a microwave signal 
30 between an antenna element and a radar system, is provided: Such a transceiver includes a 30 
plurality of switching means arranged to steer a microwave frequency signal provided by the 
radar system through an nonreciprocal phase shifter to the phased array antenna during a 
transmit mode, and to steer a microwave frequency signal provided from the phased array 
antenna through the nonreciprocal phase shifter to the radar system during a receive mode. The 
35 microwave frequency signal passes through the phase shifter in the same direction during both 35 
the transmit and receive mode. A set of control signals is fed to such switching means to control 
the steering of the microwave frequency signal between the radar system and the phased array 
antenna. With such an arrangement, two signal paths through an active nonreciprocal phase 
shifter are provided. This arrangement reduces the cost and size of the transceiver element by 
40 permitting the use of a single active nonreciprocal phase shifter. Further, since each of the 40 
elements of the transceiver element may be realized as monolithic microwave integrated circuits 
this structure results in a compact transceiver element, modular in form and less expensive to 
produce. 

The invention will now be described by way of example with reference to the accompanying 
45 drawings, in which: .45 

Figure 1 is an overall block diagram of a radar system coupled to a phased array antenna 
system through a plurality of transceiver elements; 

Figure 2 is a block diagram of one of the plurality of transceiver elements shown in Fig. 1 ; 

Figure 3 Is a block diagram of the transceiver element, utilizing a five port switch; 
50 Figure 4 is a block diagram of a transceiver using a dual channel phase shifter; 50 

Figure 5 is a block diagram of a 4-bit nonreciprocal phase shifter; 

Figure 6 is a diagrammatical view of a 180' phase shift increment stage of a 4-blt 
nonreciprocal phase shifter used in the one of the transceiver elements; 

Figure 6 A is an isometric view of a bias line and output line insulated from each other with an 
55 air gap plated oyeriay; 55 

Figure 6B is a cross sectional view of a parallel plate capacitor formed on the substrate; 

Figure 7 is a block diagram of the phase shifter stage depicted In Fig. 5; 

Figure 5 is a detailed schematic diagram of the phase shifter stage depicted in Fig. 5; 

Figures 5A-SD are plan views of pairs of transmission lines providing electrical pathlength 
60 differences used to realize a 4-bit phase shifter. 60 

Figure 70 is a block diagram of a 4-bit dual channel phase shifter; 

Figure H is a detailed schematic of one stage of a reciprocal phase shifter; 

Figure ?2 is a diagrammatical view of the stage of a dual channel phase shifter depicted in 
Fig. 11; 

65 Figure I3\s a detailed schematic of an alternate embodiment of a four bit nonreciprocal 65 



20 



25 



30 



phase shifter; 

r^S^^::^i::^: "'''''"^ nonrecproca. phase shifter of Fig. , 3. inCuding 

S cou^T ^ <^'as- Of a van-able phase shifu.r utiiizing , ,„,,„t.e 

nftni Ts^L^L^;^^^^^^^^^^^^ .0 a radar svste. n bv a feed 

transmitter/receiver (transceiver) elements 1 2a- ?2n rn? n, P'??'"^ °*' ^"^'^ Wemlcal 
15 antenna elements 26a-26n. as shown The feed n8t;«ork'^i A k° ' P'"'"''-*^ °' ~"esponding 
provides a signal path for a microwave s gna Bassin^f^«Jl' " P''^""' "^twork, ^ , 5 
array antenna 1 0 for transmission ,0 a ttC(no,Thlwr«„w I^"^"' T'^H ^ ^ "'^ P^^sed 
echo signalsjrom the target (not shown) trthl ^h., 1' ^ " P^*'' reception of 
on H'-il"' 29a-25n are ^rovWed She ^adVr ±,5:?^^ 1 • A plurality of control buse 
20 ^a-29„ are used to control the tran^crer ele^^Tjl 1 f I?!!?!"^ ""^^ 29a-29n, 
The microwave signal from the feed network 1 1Ts couni.rf',1 " °t "i' f"''^ ^""V ' 0. 

12a-12n, as indicated by the open airoX" 1 3 T^e ooS^^n „f °' ♦™"«elver elements 
one of the transceiver elements 1 28-71^3 th^rj^uoled ^o 1'"'''°'^''* ""P'^" «> "ach 

antenna elements 26a-26n. Similarly a Dortion °?^^^^^ corresponding one of the 

25 coupled to each of the antenna 26a.26n th. rZ'""^''^^^^° «rget is 

12a-12n, and the feed network Uas indicated bJ ^oKh"""!!'"? ^"^'^^^^ elements 
system 1 1 . The comrol signals on buses 29^-29n'^ ^ ^' 'S' P™'=«^'"9 by the radar 

the transceiver elements 26a-26n to produw colLiprTfn^ h- '^^J*:' 
microwave energy and control signals on su?h buses duHno .h '"^'"J' °* '^a""-"!"*" 

30 transceiver elements 2ea-26n^ 

trareKernt^ii I :^XZ,^^trr ''^^ 

35 etm-^^Vh"ii,^;:.rKrt:i^„^^^^ 

40 however, that complementary binarv or loniral «inLu . f u ^^Z^^' " «<> say here, 

respectively, and sSch logLaTsiS^ar; uf^d' olon 0 M^e e1e«*« 

= Kdr;T;S e» ^^h^hS*^^^-^-^^^^^^^^^^^ 
45 ^Tt-;:i?alVoXT2raK^^^ 

The common port 20rof T/R s«^cl, 1 8a isTuiuH"." ^'V""* ^ '"9''=^' ^ 29i.. 

5o?srrr9d-r2Vb~S^^^ 

arsenide (GaAs) =ubstrate/Th; outpm oTt a«e?amnlI?i'eT'^^^^^^ substrate here a gallium 
55 LlX^thTL'-^^^^^^^^^ 

?:rfm«^ra'r^^^^^^^ " 

60 the input o an artive phlse shm^^ T^er/r"""" °' ^^"^ ^ ^d is coupled ,0 

plurality of stages no, shown o be descXd In Se«^^" ^"'"^ "''"'^^ ' 60 

transmission line 32b. SufHce iUo say he ^^owevif'',L" ~""»«">" «'«h Rgs. 5, 6 and 7), via 
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T/R switch 1 8b. via transmission line 32c 

signal from the radar system 1 1. feed U fo ZZ' '''"^ ^ 

5 Fig. 2 by an open arrow 1 3. as shown In thHansr^'t m^S T""' "^P'^'^^ i" 

25i, are used to couple each one ofTe common ports 20a 20d' t'oTh'" "jl ^Sl,, 

ports 198-igd of the respective T/R switcheTl Sa-Tsd th, 1^ corresponding branch 
signal is coupled from the radar s^^«m1 1 ,n .h. ? 8d Thus a portion of the microwave 
active phase shifter 40 is h?re use^fo h '"P« °l«he active phase shifter 40. The 
10 signal by a predeterm" d amoX acToTda^^^^^^^^ applied microwave frequency 

are fed to a control input 42. o^he active phaS Th fter ^0 Thf °" ^^''''^^'^ 
shifted signal is then coupled to the inZ of the tfa^milr' amol^r^^^ """'^ 
outpu. Of the transmitter amplifier 24 i^ coupled Jo "he ^ntennTi emenf 26i'' 

from the antenna. e.em^STo lha ^^af te^ri depi^dTn't' 2 'T.'' ' ' 

.as shown. During the receive mode the eomnlBrn.n.. J, i • > ^' ^ '^^ arrows IS, 

previously on |in!s 29i,-29i' Trfnow fedTotTs 29? 2li'" nd su.h "^"^'^ 

Referring now to Fig. 3 an alternative the embodiment of a transceiver element 1 2i' suit«hi« 
for use m the phased array antenna 1 0 of Fig. 1 is shown coupled to a person C the feed 
35 sXrch 3 0 th« tl'^^'T "I'T^"^^ 26i. Transceiver elemem 12i' here rncTudes^fiv^^^ 
• !nH^L I ' ^^I!^,!. phase shifter 40. the transmitter amplifier 24, the receiver amt^Hfier 28 

subs^ate JnntTJ^V^^^^^ "'^^ ^^'^^^ ^10 is formed on a ' 

substrate, (not shown) here semnnsulating gallium arsenide (GaAs) having a ground plane (not 
shown) here plated gold formed on the bottom surface of the substrate. Formed in active 
40 c!aM^^ ^^'Tk °^ '"'^"'^^ semi-insulating substrate are FET's 50a-50d here 

40 GaAs FETs, each having gate electrodes 52a-52d (Fig. 3), a drain electrode 54a-54d and « An 
source electrode 56a-56d. The gate electrodes 52d of FE?'s SOrSOd are connected to 

r^i'"aVsh;w:Vhe%'/r ''^r '''' '^''^ co^'eVed to com 

no Thl'^/D T-J^f^ ri^'^. connected in a common (grounded) source configura- 
RoT In, ''^T*' ? ^'^^r transmission lines 60a-60f. Each transmission line 

45 B0a-60f has an electrical length, corresponding to one quarter wavelength (\/4), where A. is 45 
the wavelength of the corresponding nominal or operating centerband frequency (f J of the 
n'np'^k f r"?"^ w «if fs electrically connected to a first end 60., of A,/4\;ansmission 
Ime 60 a and a f'rstend 60f, of A,/4 transmission line 60f. via transmission line 33i. The drain 
no lln^f R°n/ f ifrf, ^RrSf connected to a second end 60a, of A. /4 transmission 

50 line 60a. A f rsi end 60b, of A / 4 transmission line 60b is electrically connected to the second 50 
end 60a, of transmission line 60a and drain electrode 54c. A second end eOb, of A./4 
transmission line 60b is electrically connected to the input port of the active phase shifter 40 
via transmission line 32b and to a first end 60d, of A,/4 transmission line 60d. The second end 
60d, of transmission line 60d is electrically connected to the output of the receivier amplifier 28 
55 and to the dram electrode 54d of FCT 50d. A second end 60f, of A,/4 transmission line 60f is 
electrically connected to a first end 60b, of A./4 transmission line 60e. and drain electrode 54a 
of FET 60a. A second end 60e, of \,/4 transmission line 60e is coupled to the output of the 
active phase shifter 40, via transmission line 32c and to a first end 60c, of A,/4 transmission 
Ime 60c. A second end 60c, of A./4 transmission line 60c is coupled to the input of the 



10 - 



20 



25 



30 



35 



55 



. — *i€iiibmi55ion line ouc is coupieo to tne input of th 

60 transmitter amplifier 24 and to the drain electrode 54b of FET 50b. The connections of 60 

transmitter amplifier 24 and receiver amplifier 28 to T/R switch 18d are the same, as explained 

above in conjunction with Fig. 2. . 
During the transmit mode, as shown by the open arrows 13 a logical control signal on line 

29i, of bus 29i IS fed to the gate electrodes 52a. 52dof FETs 50a, 50d and the complement of 
65 such logical control signal is fed (via line 29i, of bus 29i} to gates 52b. 52c of FETs 50b. 50c 65 
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When F^^s 50d ar^ P fold t^^rrnSJ V^'^ '2" ""^ P^^^-'V "-""^d. . 

5 ground designated by ©is'^Xcod aTthelndl ^d'''|oe°and7m "Tt f-^*" *° 

60d-60f coupled to the FET'^ >;na Rni n„ - " , ' ' ° °* transmission lines s 

ISe' ToT^o\°^J:^'''"''V'''''*' P^'"^ ^° ground1:^n ^e^;^^^^^^^ ends"60d'" 

10 Pr^^n^^^^^^^^^^^^^ 

^/r:teh 18c a"n7to^':r ^'J"*^' ^,"<f-'«^ •'^"^ '''^""^^ eoc "ran'smi?^ r 'er 24 15 
n..t"^ .K antenna 26i, as previously described in conjunction with Fia 2 

During the receive mode as shown by the closed arrows 15, the cortUf s gna^ on lines 29i 

coupled to the output of the receiver amplifier 28 as explained in conjunction with Fia 2 The 

25 receded s,gna .s then coupled through transmission line 60d to the active phase sh7ft;r element 25 
40 The signal on the output of the active phase shifter 40 Is thus coupled io the radar sy t^r^ ^ 
10 through transmission lines 60e and 60f. ^y*>iem 

Refenring now to Fig. 4. an alternative embodiment of a transceiver, here transceiver 121" 
suitable for use m the phased array antenna 10 of Fig. 1 is shown coupled to a portion of the 

30 feed network 1 4, via transmission line 33i and to the antenna element 26i. via transmission line 30 
351, as shown. Transceiver element 12i" Includes T/R switches 18a and 18c, transmitter 
amplifier 24, receiver amplifier 28. Here, however, a dual channel active phase shifter 44 is 
provided. Dual channel active phase shifter 44 has a plurality of cascade interconnected phase 
shift stages here 44a-44d of a type to be further described in detail In conjunction with Figs. 

35 10-12. The T/R switch 18a has common port 20a coupled to the feed network 14 via 35 
transmission line 331. Branch ports 19a and 21a of T/R switch 18a are coupled to the Input 
47a of a first channel 47 and the output 49b of a second channel 49 of dual channel phase 
shifter 44. respctlvely. as indicated. The output 47b of the first channel 47 is coupled to the 
input of the transmitter amplifier 24. via transmission line 32b. The output of the receiver 

40 amplifier 28 is coupled to the input 49a of the second channel 49. via transmission line 32e. 40 
The connection of the transceiver 12i" to antenna element 26i (Fig.l) is as previously 
explained. 

During the transmit mode, as shown by the open arrows 1 3, in response to complementary 
control signals on lines 291,, 29i^ a microwave signal fed to common port 20a from the radar 

45 system 1 1 is coupled to branch port 19a. Such signal from branch port 19a is coupled to the 45 
input 47a of the dual channel phase shifter 44. The signal is shifted In phase and coupled to 
the transmitter amplifier 24 and to the antenna 26. as previously described. During a receive 
mode, as shown by the closed arrows 1 5, in response to the complements of the previous 
control signals on lines 29i„ 2§\ the microwave signal fed to the common port 20c from 

50 antenna 26l is coupled to the branch port 21c and thus to the receiver amplifier 28. The signal 50 
at the output of the receh/er amplifier 28 is fed to the input 49a of the phase shifter 44. The 
signal shifted in phase is then fed to the T/R switch 18a to the radar system 1 1, as previously 
described. 

Referring now to Fig. 5, a single channel digitally controlled phase shifter 40 suitable for use 
55 in transceiver element 12i (Fig. 2) and transceiver element 1 2i* (Fig. 3) is shown to include a 55 
plurality of cascade interconnected stages 40a-40d with like parts of each stage being 
designated by the same numeral. An exemplary one of such stages 40a-40d, here stage 40a, is 
discussed in detail in conjunction with Figs. 6-8. Referring now to Fig. 6, the phase shifter 
■ stage 40a is formed on a substrate 41 here GaAs having a ground plane 43. as shown. 
80 Referring also to Figs. 7, 8 the phase shifter stage 40a includes a microwave transmission line 60 

512. here haying an impedance of 50 ohms, coupled to an Input impedance matching circuit 

513. Transmission line 512 is here fed by a microwave frequency signal from transmission line 
32b (Rg. 2). Input impedance matching circuit 513 is here used to match the input impedance 
of the phase shifter stage 40a to the characteristic impedance of the transmission line 512. The 

65 input matching circuit 513. here includes a first transmission line section 514, having a 65 



5 .s coupled to ground by a via hole 5 1 Sb^VlhoZ Ground na J ^T."" ^'"'^ °' =^ ^ 

via hole connection 522a. As shown in Rg 6B caoach^r ?. , coupled to ground by a 5 

. the substrate 4 1 here includes a top plate 526a wWrhl^,^ 1 1^.'^'" <>" «he top surface of 
strip-conductor portion of a transm^ion «ne 528 A^n u? ^'"'oe 526d to the 

526c.of evaporated gold formed rthe subslfal 4? Th^^^^^ " P'^'" 

1 0 526c are separated bf a 6000 Angstrom tAHavl^^^ /^ "'''^ ^^^^ ^"^ P'^<«d 

plate 626c has a finger 526e (Fig I which is fo r„l' f ^^^^ n-tride (Si,N.). The bottom 1 0 
transmission line section 5 1 4, to the clacito? sIr 2 """"^^ oircuit element, here 

metal contact which cbuples to CLttom l.e 52B? a"""^^*°" "'^"'"^^'^ ' ""^'^l '0 
here having a reactance which i prir^arind^ctfvelrc^^ transmission line section 516. 

15 and 526. The connection of capacltoT 5 1 8 to So Sn 5?s 

for he gate electrode. The input matchino circuit S i V^f^K - . / 'b^** 520 1 5 

line section 528 hero also havingVrSnte which 1 '^^^^""" "^^^ third transmission 
the junction of capacitor 526 wi?h s^unt r^olV«ri tj' P""!"'/ inductive, connected between 

532a substantially equals, |S„L the frBctlan ni nn^! ^l^"^^ °" 9^^^ electrode 

30 e.ec"l^f Fl^'saOa s'^^ P-«' delivered to each drain 

fed control signals on I nes 291 9^ ?k '^""""'.S?'^ electrodes 534a, 534b are 30 

. coupling of an inpm signal fed 'to ftite^el^rlSris'ir s'4'S?''.k'™ '° 

536a, 536b of FET's S3ba 530b HioK fr!„^n^l I ■ ^^-espohding drains 

2.91,.; m,. afe shorted to gVound v^3 caDSs sV7j^ the signals oh control lines 

includes a transmission line section 548b, a coupling capacitor 552b and a second V«^^^ 

45 correspondmg elements of impedance matching circuit 545a. The common connection of 

transmission Ime sections 549a-549b and the dc blocking capacitor 5^4 proves Z bias feed 

fr^m th« tr"" ' ''''^'r' ^^c^^;^' ^'^^ 542 here is in u a^ed 

from the transmission Ime section 548b by a conventional air gap plated overlay. In qeneral 

Rn T^Jlf .^^^ '''^^ ^" embodiments to insulate such crossing signal paths The ' 

50 upper plates of coupling capacitors 552a-552b of the impedance matching circuits 545a 50 

554a Ind^lfiT ^' r%'."'!9^"^ ^'^^ '^'"^ P°^'^" of transmission Hnes ■ 

nh.L lt Pl A?f''^'''^^y' ^''^"smission line 554a has an electrical. length which provides a 
pnas© Shift + to an input signal coupled thereto and transmission line 553 has an 

55 o ^«'l?rl ^^V^ 2f ^° '"P"^* ='9"^' *=°"P»«d thereto. Such pair 

55 of transmission lines 554a, 553 as shown in Fig. 9a and described in more detail hereinafter 55 

ira^'lttion /^T^ ""7^ ^^^'^ '^'^ increment A^, Each second end.of transmission 

ine section 554a, 553 is coupled to a corresponding input port 565, 567 of a conventional 

^V?""^!^' "^^i^^ ^'^'^ '"P"^ Po^^s and provides the coupled power 

60 -i^aArMn"^^^^^^^^^ branch arms 564 566. Such a coupler is described in an article entitled 
60 GaAs Monolithic Unge and Wilkinson Couplers" by Raymond C. Waterman Jr. et al IEEE 60 
Transactions on Electron Devices, Vol. ED-28. No. 2. February 1981. The output of tke three 
RKOK n??"^ !^^fo^u"^ connected to an output port 570. Capacitors 518, 526, 544. 552a 
oo^D, o^/a and 527b are here formed in a similar manner, as explained for capacitor 526 
q-^S/^c^JL^^c^ u'"?"^ f'?"^' '^"^ ^° transmission line 512 Is coupled to each gate electrode 
b5 532a, 532b. Such signal is coupled to one of the drain electrodes 536a. 536b selectively in 65 
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accordance with the control siqnals fed on nnft«» oo; to „ 

B34b. If thd input signal in response to such ^ntrof-iio! V 'r^ ^^i?' ^M? «"«trodes 534a. 
drain electrode SaSaT the phasroT.uS. stanaU^ ?. u ' ^®'»" «<> 

transmission line 554a. ^ " '"^ *. + A*, through 

lines 29i,., 291^. "Jhe inplt signal fs coupled ttj dlarn ;!^^;^^^^^^^^ control signals on 

at the output S70 is shifted by an amount of ^ thrD„„h?r?„ ' °* *'9"al 

■ shift of an input signal of 4., or *?+ A* a the outnm ^=;7n1"",""°[; '™ » P^'W 

10 signals on lines 29!., UBi, A pluralhi^rfVuch «»n ° ^^'^^^'^ ^sponse to control 

phase shifter 40 (Fig 6) &eh s a« haf tXo oaThl^whrK '^'^^"^ interconnected to form the 10 
signal of ^, throuU'one' path an a'mount h^oufh Jhe^conS o«?.'"k "l"" 

number of the stage. For, four cascade inwnr,nnil?.2 . MCond path where 1 is the 
is here A,J>. =. 1 80-, A,^,. = 90-, A^^ = 45- and A<^> = 22 5^*^' * ^ stage 

'%he":S!:no^ri;ro:^pLfsh^ is 

a predetermined phase shift relative to an irDut .io^ j „ %^" °"*P" ^'9"=' ^* 570d having 
cascaded interconnected phase sWft^^^^ ^""J^^ '""'""^"^ 

40a-40d. realized in accordant wtth Frts S^ srit^^^^ f''^'^ """^^^ ='«S« 

25 selective combinations of phase shift increments of 0' or 1 SQ-, Q-'or gO" o" or 45- and 0" or 3^ 

29i tl29i"rnd 251 t'll^''"'^^ ="9- ''°r''°'^' "^''^^ ofiTsisnals fed by lines " 
.hi^'i „r . u^^'" represented by A to D and A to 6> respectively. The phase 

Juatn as: ™^ ™P'~«"«<* by L fo^owlng log 'w! 

30 

* = [(A(* + A*.) + A(«,)) + (B(*, + A*J + B(«.)) + (C(0, + A^j + C(^,„ + p,^, + + 30 

Referring now to Figs. 9A-9D transmission line sections 553 and 554a"554d used to 

35 provide unique mcremental phase shifts for stages 40c-40d respectively, of the phase shifter 35 
^?es S53 and ^L!' ^ZV'^' parts being designated by the same numeral. The trans mis 3^0^ 
lines 553 and 554a-554d are coupled to the input ports 565, 567 of the three port coupler 
560 having a thin film load resistor 562 and branch arms 564, 566. and to a portion of'the 
impedance matching networks 545a-545b, as shown. The transmission lines 554a-554d are 

40 formed on the semi-insuIating substrate 41 by strip conductors 555a-5S5d and 557 40 
respectively and the ground plane 43. which is separated by a dielectric, here the semi- 
insulating substrate 41 . Strip conductors 555a~555d and 557 are designed to provide the 
corresponding transmission lines 554a-554d and 553 each with a 50 ohm characteristics 
impedance. The transmission lines 554a-.554d each have an electrical length equal to a 

45 corresponding precise fractional wavelength A./ 2", with respect to transmission line section 45 
553, where A, is the wavelength of the nominal or centerband operating frequency (fj for the 
active phase shifter n Is the total number of stages. Thus, transmission line section 554a has a 
pathlenglh (A0,) equal to \J2 with respect to transmission line section 553. In a similar 
manner, the pathlengths for segments 554b-554d with respect to transmission line 553 are 

50 and A^/16. Thus, the transmission lines 554a-554d. with respect to transmission 

line section 553. here represent path length differences corresponding to a phase shift of an 
applied signal with respect to the phase of such signal of 180*. 90\ 45' and 22.5% 
respectively. 

Referring now to Fig. 10. a dual channel phase shifter 44 having channels 47 and 49 which 
55 IS suitable for use in the transceiver 12i" shows in Fig. 4 includes four one bit phase shifter 
stages (P.S.Stages) 44a-44d cascade interconnected together, as shown. The dual channel 
phase shifter stages 44a-44d are here identical except for the pathlength differences (phase 
shift increment) (A(/»,) forming the phase shift networks of each stage. Each channel of the dual 
channel phase shifter provides one of two signal paths, such path being selected in response to 
60 control signals fed on lines 29i,,-29i2, and 2^i,.-2Iij,. Such paths provide either a phase shift 60 
of4>, or a phase shift of ^, + A^ where i is the number of the stage. The phase shift increment 

for each of the four stages 44a-44d shown in Fig. 1 0 are a = 180'. A^ « 90', 
90",A<^, « 45' and A<|>, « 22.5' for stages 44a-44d, respectively as explained in conjunction 
with Figs. 9a-9d. 

65 Referring now to Fig, 11 , an exemplary one of such phase shifter stages, here phase shifter 65 
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stage 44a is shown. The phase shifter stage 44a Includes FET'^ "^^Oa Ri-an^ u u • 
of gate electrodes 532a-532d and 534ar5^4w a t * 5^11?^°^ ^^^^ ^^ving a pair 

source electrode 638. FET's 530a-530d are h^^^^ ° ^^'"^^'^ 

switch 530 of a type disclosed in U.S ^ltemNa r3 13^26' ifed '^^:v'2? '?07q' '""^ 
. 5 assigned to the assignee of this invention. Each of the FET' s 530a B^L L k ' . 

a common (grounded) source configuration, as shown Each FET 530a fi^OH connected in 5 
substrate 41 within close proximity to the other PFT^«R^n« con5 °" 

freqi^ency signal components on control Signals fed on "e" 29r ^ '^ff rJ);- h '.^'^ . 
20 by capac tors 527a, S27b An inout 5lnn=.i J„ ,i . ■ ^™ shorted to ground 

matching natworic 545b is coupled to the microwave transrnis^n linT^S?!' c '/"P^''^"" , 
of transmission lines 553a and''554a is coup^eZ the pron^pj'^es sIV o^^^^^ 

conventronal three port coupler 560. 

^° llnl^li 0'°""* f ''^•'^'3''^' P^"'® "^^'^^^ ^^^S« '"c'^des microwave transmission 

1 nnf. T^'^'^l '° transceiver 1 2i" (Fig. 4) via transmission line 32g (Fig 2Hor prTJidina the 
«n ?^nT' '"'^^^^^-e transmission line 51 2' is elec rical yTon^e«e^^^^^^ 

fenLT.S^t^.h-'"''-^'"^ =[0"'^ as previously disclosed In conjunction with F^gs A 
35 fun^nn^if' '^ TT' electrically connected to a common junction 532'.^Common 

35 iMnct.on 532' IS electrically connected to input gate electrodes 532c 532d of FET's 53oi 35 

Ld.^pHnH ^'.7' -^^f^^' ^^^^ electrically connected to gate electrode 

£ads 524 and 527. respectively. The control gates 534c, 534d are fed signals on lines 29i 
it'i'ir? '^I'^n. ^ ^ ^^'S- ^ J controlling conduction of an Input signa on input" 

■ gate electrodes 532c, 532d to the drain electrodes 536c, 536d of FET's 530a 530b 

3oTs'54S.T4Rr^^^^^^^ electrically connected to impedance matching 40 

networks 545c-545d as disclosed in conjunction with Figs. 6-8. Transmission lines 553' and 

LuniJr^^'fin^^^Tf^! "'^^^^^'''S 545c-545d and the three port 

coupler 560 . The three port coupler 560' is electrically connected to output port 570' 
The total pathlength difference of the connection of drain electrode 536a to the three port 

45 coupler 560, for channel 47 is then selected to provide a corresponding phase shift equal to 45 
+ as explained in conjunction with Figs. 9a-9d. The total pathlength difference of the 
connection of dram electrode 536b to the three port coupler for channel 47 is selected to 
provide B corresponding phase shift equal to Thus, the phase of a signal applied to the gate 
electrodes 532a, 532b is shifted by an amount + A^i, or ^, selectively In accordance with 

50 control signals fed to control gate electrodes 534a. 534b. In the same manner, transmission 50 
lines 553 . 554a' provide pathlengths to channel 49 between drains 536c. 536d of 4>, + A4>, or 

Referring again to Fig. 10, the dual channel phase shifter 44 having channels 47 and 49 has 
stages 44a-44d, each stage providing a unique phase shift to an applied signal. Each channel 
55 provides selective combinations of phase shift increments A(>, « 1 8O\A0 '= 90*AA = 45' and 55 
A^rf - 22.5 • In response to control signals on lines 29i„-29i„, 2Si,;-25i„, 

Referring now to Fig. 12, the phase shifter stage 44a is shown, formed on a semi-insulating 
substrate 41 having a ground plane 43 on one side thereof, as shown. A low inductance ground 
connection 537 is here made through the source electrode region 538. Parallel plate capacitors 
60 such as 526 are formed on the substrate 41. as previously described in conjunction with Fig. 
fa B. Crossing signal paths are insulated one from another by conventional air gap plated overlays 
as descnbed in conjunction with Fig. 6A. » h f " uvcoy* 



30 



60 



Referring also to Fig. 5, the net overall gain for each four bit phase shifter 40 and 44' is 
approximately 8 decibels (db) or approximately 2db per stage. Each stage contributes 3db of 
65 loss from splitting of the input signal and another 3 db of loss due to power recombinlng at the 65 
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realizable from a dual gltrFET oSnT^X b«'„H ^PP™T»»«ly « generally Is 



5 is realized. Since only our FeTs one do "staaL Tt «„J " • " °* ^ ^g. 1 2 

shifter. 40, 44 the d'c. powe^lonrnf^tio?^. blrur^i^^estaVfor ITf^' '°' "'^^''^ 

shr ;s^T:re-^? U^in^;-r^^^ ?s''°nl;T- ??F5^S "r^^^^^^^^^^ "^-^ 

,0 rs;^4f ^-^o^''!^^^^^^^^ 

IVDe disclosed in the nhnw« >«o,,*:™w II c n!:' . . ^^.'^^^^^^^ 1 330_and 1370 are here of a 



15 



20 



25 



30 



35 



type disclosed ir, the above me^^oned US Patent No 4^^^^^ 26 P-h 21^ In ^Tn^! ? 

d«"n etectrod^ l"33e« U"^^^^^ '"P"* ^^'^ '332a-1332d. a control gate 1334a-1334d 
orain eieciroaes ljJba-1336d and a source reg on 1338 FET's mOa-iT?nri or. k™ 

A microwave transmission line 512, here having an impedance of 50 ohms is couolad tn «n 
!mn«d«n^! "^Tk!"^ '-'''"^^ explained in conjunction witTF^^sTe The 

iTsBa l l^fii'^"'.''?"^^ '° '"P"^ sate electrodes 1 332a-1 332d^^^e d^ins 

35 s2if ^Irh f ? fonnected to identical impedance matching networks 

networks 545a VIbh ^''"'°"k ^ '''.''L'''^ conjunction with Fig. 8. Impedance matching 
networks 545a-545d are each coupled to a transmission line 1320 having a characteristic 
1T2 2 h"f V Transmission line 1320 Is terminated at oneVnd i^ re tor 

r nl ^'-^^n Th "^-^ ^V-?"^' 50 ohms, the characteristic impedance of the transSssion 
-^n n . I n ' ?oli'' '^""^ transmission line 1320 and 

30 ground Dram electrode 1336d is electrically connected to the end of transmission line 1 320 
through the impedance matching network 545d. Drain 1 336c of FET 1330c is electrically 
connected to transmission line 1320, through the matching network 545c defining a section of 
transmission me 326, drain electrode 1336b of FET 1330b is electrically connerted to 

1^ inr'i'^9A°" . '^'''"i^. oL^'^^^l'SS ^"^^^ ''^""'"S « section of transmission 

I'n! llln f*?"^ dram electrode 1336a of FET 1330a is electrically connected to transrhission 
line 1320 through the matching network 545a, defining a section of transmission line 1322 
Here, all the transmission line sections 1 322-1 326 have the same electrical length and thus ' 
each section shifts the phase of an applied signal by an equal amount. The total phase shift of 
an output signal with respect to the phase of the input signal fed through transmission line 512 

40 IS the sum of the phase shifts provided by each of the equal electrical length transmission line 40 
sections 1322, 1324 and 1326 of which the output signal passes through from a selected one 
of the dram electrodes 1 336a- 1 336d to the output port 1 331 . 

In operation, an input signal is coupled or decoupled between the gate electrodes 
1332a-1332d and the corresponding drain electrode 1 336a-1 336d selectively in accordance 

45 with control signals fed to control gate electrodes 1334a-1 334d on lines 29i,,-29i,, provided 45 
by suitable modification of. the radar system 1 1 (Fig. 1). Signals on control lines 29i* -2gi„ are 
here logical signals. One of such signals on lines 29i2,-29i2, is selected to be in an "on" state 
while the remaining ones of such signals on lines 29ij,-29i„are placed in an "off" state, thus 
placing only one FET of the FETs 1 330a-1 330d, In a conductive state and the remaining ones 

50 of such FET s 1 330a-1 330d, in a non-conductive state. Similarly the. output signal from the 
first stage is coupled or decoupled between the gate electrodes 1 372a-1 372d and the 
con-esponding drain electrode 1 376a-1 376d selectively in response to control signals fed to " 
control gate electrodes 1 374a-l 374d. via lines 29i2,-29i3h, as shown. 

In response to a control signal fed to one of the control gate electrodes 1 334a- 1 334d the 

55 corresponding one of the FETs 1330a-1330d is placed in a conducting state, coupling the 
input signal on the input gate electrode of such FET, to the corresponding drain electrode of 
such FET. The remaining FET's of the FET's 1 330a-1 330d are held in a nonconducting state 
by control signals fed to remaining ones of the control gates 1 334a-1 334d. Thus, a signal 

en S^x transmission line 1320 from drain electrode 1336a will have a net phase shift of 

eo Jfli^ with respect to phase of an input signal on drain electrode 1 336a, because the signal 60 
coupled front drain electrode 1 336a will pass through the three phase shift sections 1 322 
1 324 and 1 326 of transmission line 1 320 before arriving at the output port 1 330 In a like 

• manner, a signal applied from the drain electrode 1 336b to transmission line 1 320 will have a 
net phase shift of 2A^, a signal applied from drain electrode 1331c to transmission line 1320 

65 will have an incremental phase shift of and a signal applied from drain electrode 1336d to 65 
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15 combrnatton with the first stage 40a' having a total available ohi*<:^ ^hih r^iRy J . 
phase Shifter 40'. having a c^apahl.lt/oT^'^o^^^^^^^^^^ 

■ " r~: n:';rj^PE^^'s^\ri« 20 

14l2a-l412d, a control gata eUoie 1 414^/^^^ Ci^h'^^^^'^ 
source electrodes 1418a-1418d. as shov^n. FEt4 1410a iTlO^i^^^^^ ^""^ 
(grounded, source configuration. Vhe signa^gate eUfrLt 
25 1 41 Ob are here coupled to the transmission lines 32a and 32g of he transceiver 12i rF^^^^^ 

Z^T:ttr:T '' ""f ^^^^-^-9 ---ts 51^3 ardescrredrcoffi^^ 

with Fig. 5. Each drain electrode 1 41 6a. 1 4 1 6b is coupled to the phase shifter 40 'Ta 
transmission Ime 1420. The output of the phase shifter 40' is coupled to the input oate 
electrodes 1412c, 1412d of FET's 1410c, 1410d, respectively, vfa transmisZ I n^^^^^^^ and 
30 impedance matching circuit 513. The drain electrodes I416c/l416d are couoled to tranlm^^^ -in 
sion lines 32h and 32d respectively, of the transceiver 12i (Fig. 2^0 operaSSn one ^^^^^^^ 
fJi2r"i-T'" ^'f the signal gate electrodes .1412a, 1412b of input channels 1430 1^32 
•s selectively coupled to the corresponding drain electrodes 1416a. 1416b in response to 
signals fed to control gate electrodes 1414a. 1414b on lines 29i„ 29i,. Such selectively 
35 coupled signal is fed to the phase shifter 40' and the phase of such signal is shifted In response 35 
to control signals 29.,.-29i,, as previously described. One of the pair of output channels 1434 
1436 is selected, by signals on lines 291,. 2^i, fed to control gates 1414c. 1414d. The phase 
shifted signal, is coupled to the input gate electrodes 1412c. 1412d of FETs 1410c 1410d 
The phase shifted signal fed to each of the input gate electrodes 1412c. 1 4 1 2d is coupled to 
° S^? ^l^^^ij" electrodes 141 6c, 141 6d selectively in response to control signals on lines 40 
291,, 29i, fed to control gates 1414c. 1414d, respectively, as previously explained. The signal 
on the selected one of the drain electrodes 1416c, 141 6d is coupled to transmission tines 32h 
during the receive mode or 32d of the transceiver 121 (Fig. 2) during the transmit mode. 
u^?^"?ll"^ milliwatt of power consumption per FET, the power consumption of the phase 
45 shifter 50 is four milliwatts since four FET's are conducting at the same time. Two FET's of the 45 
four reciprocating switches conduct and one FET in each of stages 40a' and 40b' (Fig. 13) 
conducts, during operation of the phase shifter. The net overall gain for the phase shifter section 
50 is approximately 4 db. This assumes a 6 db loss due to input signal division into the four 
channels. FET's 1330a-1330d of phase shifter stage 40a' (Fig. 13) and 6 db of loss due to 
SO input signal division for stage 40b' (Fig. 1 3). In addition, there is a loss of 3 db in each stage 50 
(40a', 40b') attributable to the terminating resistors 1322 for transmission lines 1320 and 
1320' (Fig. 13), and there is a loss of 1 db per stage due to parasitics and the matching 
circuits. These losses are partially compensated for by a minimum of 8 db gain for each FET 
resulting in a net loss of at most 2 db per stage. Moreover, the FET switches 14l0a-1410d 
55 contribute 16 db ol gain (8 bd per switch, two switches active at one time). This gain Is 55 
reduced, however, by 3 db due to signal division into the two channels of FET's 1410a. 1410d 
and 1 db due to parasitics and the matching circuits. Thus, the net gain for the phase shifter 50 
Is approximately 4 db. 

Referring now to Fig. 15. an alternatwe embodiment of an phase shifter 40" suitable for use 
60 in transceiver 12i (Fig. 2) and 12i' (Fig. 3), includes a first phase shifter stage 40a", a second 60 
phase shifter stage 40b". and a third phase shifter stage 40c" cascade interconnected, as 
shown. Each phase shifter stage 40a". 40b" and 40c" is similar to the digitally controlled 
phase shifter stage 40a described in conjunction with Figs. 6-8. Phase shifter stage 40a" is 
here used, however, to provide a variable continuous phase shift between 0* and 90*. Phase 
65 shifting stage 40b' is used to produce a phase shift of <^ = 0* or a phase shift of ^ « 90*, and 65 
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rn';:rn';'e'c»^^^^^ O- or , = 180-. The cascade 

Which is capah.a of va^i„« ,He phale ot°^„ iCV„"a1 'c^^.ZTo.t'^'X^To^'r: 

;°arstit,i-:j,^;r^^^^^^^ 

conjunction with Fig. 5 and the tra^tmiss^on l?n» ?>k i "^'^'^ explained in 

10 network 51 3 is coupled to inXa,eT«~^^^^^^ ^ ^' """'=•""3 t 

shown; FETs 530a-530b furth^Finclude c^nfro. „=. ' f^^" f ^^^^ °' 530a-530b, as 1 o/ 
S38a-538b, and drain electroSe Ssta^X ^^^'^ |^Xl?of a~ T'k • "'/^"'^^ ' 
gams and phases provided to an input sianal fed to th» ^^fj . f ^ '^bncated, such that 
substantially equal at the drain electrodes 536a ^^Rh L f • ^ electrodes 532a, 532b are 

the operating point of each FET and hence ths •mnllfl.rf- JJ^ , ^™ "^^''^ «° ^on'^ol 

20 electrodes 536a. 536b. The drain elecf?o2e, ||?a'^ 5Mb^^^^ ^T'" '° 

644 and impedance matching networks 54la 545b as L^ihL^^^^^^^^ *° "P^"'*'"' 20 

6-8. In the preferred embodiment of the invemion th. ll.^ *'* '""iynW'O" "^'h Rgs. 
54Sb are electrically connected to a Unl^nt^nl??' ""P'^fance matching networks 545a, 
coupler is described i^an 8SentiZ "GT'M°"^ ^ ""=^^'"^6 coupler 1 560. Such a 
25 Raymond C. Waie^an Jr et al Te^^^^^ ^^"^^ Wilkinson Couplers" by 

FebruarvlQRI a ^T.'hV O" No 2 :>e 

cot^in Sd;:,re,tr :u7 r.n 'c^ZT^: a 'r""; fi?"^'^ - eachlnpu" o, ^he 
electrode 536b as coupled to the ou cut 1 570 of tl,; P^^'^.^V"^ ^"P"* '"9™' f^*"" ^^a'" 
signal from drain electrode 536a asloup led to ^e output' 5S"o LM'bI'';„''''fV 5^^^^ '"P"' 
'° ejrder^§r5%i:'a°*'"^"^ ^'^ '^^^^^^^^^^^^^^^ 

ponion of the ou put voltage V at the output of the coupli'? 1560 . from the voltage vi' Is given 

45 voltair 52^tTh„ T' ""k-L" ^* " 3?'" °* ""^ " « °' «he control gate 

Th. Tc^" A* ""^^ corresponding to the pathlength between the drain electrode of 45 
the n FET and the output of the coupler 1 560. The output voltage of FET 530a and FET 530b 
may be represented as: 

V.w; V.i» where 
50 V.w = B,A.e«— «: V.m=B,A.ei»«*<i 



Since the quadrature coupler 1 560 combines the two input signals V 1*1 and V '■" in 
quadrature, the output voltage at the coupler 1 560 may be represented' as: 

55 V,, = V.'«-jVomor 

V.T = B;»A,e«— ♦♦'♦J + B.A.eH— ♦♦•*.)or 
V.I = A,e»« ♦♦»«»J[B» + B,e 



60 



60 



6 



which may be simplified to: 
V., = VB'e» 

where B' = (B,' + B,')^- and tanfl =. B,/B^. 

ImnTi„',H«'v^^° w r fP"" =.'9"«l (R9. 15) is Shifted In accordance with the ratio of the 
amplitudes V.< ', V.'" of such input signal as coupled to each drain electrode 536a. 536b 65 
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coupled in quadrature to provide the signal V, (Fig. 15) at the output of the quadrature coupler 

Thus by selecting the relative values of B, and B, any phase between 0 and may be 
realized. Since only the ratio of B, and B^ determines the phase, it is possible to keep B' and 
5 hence the overall gam of the stage 40a" substantially constant. This is accomplished by 

IVnVrT l^ ^^^^^ting the values of B, and B^. This provides an additional flexibility of amplitude 
control along with phase adjustment. ^ 

As an example, for a minimum phase shift Increment of tt/I 6, the values of B, and B, which 
will yield aM eight phase shift Increments between 0 and ^/2 with substantially constant 
1 0 amplitude B' are given in the Table below. . 



TABLE 



J ! L 



10 



15 ! Phase 1 bj — T r 

l-Shift I ! I where; 

0 1 1.000 I 0 I biB' - Bi 

»-/l6 I 0.981 I 0.195 I. ^ 

20 ! ^'924 I 0.383 I b^B' « B, 

I 3r/l6 [ 0.832 I 0.556 I ^ 20 

\ r /4 I 0.707 I 0.707 | 

I S» /16 I 0,556 I 0.832 I 

3»/8 I 0.383 I 0.924 | 

9C ^'A6 I 0.195 1 0.981 1 

'/2 I 0 I 1.000 I 25 



The minimal phase shiH increment provided by the variable phase shift stage 40a" is limited 
30 only by the degree of control of the voltage applied to the control gate electrodes 534a-534b 30 
of FET 530a-530b of phase shifter stage 40a". 

Phase shift stage 40a" is cascade interconnected to phase shift stage 40b", as shown. The 
phase shift stage 40b" is identical to phase shift stage 40a". The only difference between the 
stages 40a" and 40b", is the technique for producing the phase shift. A phase shift of 0' or 
35- 90* provided by phase shifter stage 40b" is determined by controlling which FET 530a-530b 35 
• is biased in the on state, as previously described in conjunction with Figs. 6-8. 

Phase shift 40c" stage is similar to phase shift stage 40a" except for the Inclusion of an 
additional 90' of path-length difference such as transmission line section 554b (Fig. 9b) 
coupled between the impedance matching network 545a and the coupler 1 560. 
40 Referring now to Figs. 18-19, bidirectional switch 18a having a first branch port 1 9a 40 
coupled to transmission line 32a (Fig. 2), a second branch port 21a, coupled to transmission 
line 32h (Fig. 2). and a common port 20a coupled to transmission line 33i. (Fig. 2), is shown. 
The bidirectional switch 18a is formed on the substrate 41; having the ground plane 43 formed 
on the bottom surface of substrate 41 , as shown. FETs 501 -50b are formed on a portion of the 
45 substrate 41. In the preferred embodiment, FET's 50a, 50b include a plurality of FET cells, 45 
each cell having a reactive component (C") coupled between the drain and source electrode of 
each cell as shown in Fig. 20. A network, here the FET 50a is formed interconnecting each one 
of such drain electrodes of each FET cell. Such network is formed having a characteristic 
impedance equal to the characteristic impedance of the transmission line sections 58a, 58b, 
50 here 50 ohms. The network is formed as follows: a length (d) of a microstrip conductor 59 50 
having a distributed inductance per unit length (LJ and a distributed capacitance per unit length 
(CJ is chosen such that when coupled between the cells of each FET it will provide such 
network with the predetermined characteristic impedance given as: « (MCi + 2(C"/d)))'''. 
The bidirectional switch further includes a pair of transmission lines 58a-58b, each having a 
55 electrical length substantially equal to one quarter of a wavelength (A,/4) where A, is the 55 
wavelength of the nominal operating frequency for the circuit. The first drain electrode 54a of 
FET 50a is coupled between the first branch port 1 9a and to one end of transmission line 58a. 
The transmission line 58a is coupled between the branch port 1 9a and the common port 20a. A 
drain electrode 54b of a second FET- 50b is coupled to the second branch port 21a, and one 
60 end of the transmission line 58b. The other end of transmission line 58b is coupled to the 60 
common port 20a. The sources 56a-56b of FET 50a-50b are electrically connected to ground. 
The gate electrodes 52a-52b of FET's 50a-50b are electrically connected to control lines 29,. 
29^, and are fed complementary signals on such lines. 
The T/R switch 18e is used to couple a signal, on transmission line 33i of the transceiver 121 
65 {Fig. 2) fed to the common port 20a to one of the branch ports 1 9a or 21a in accordance with a 65 
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pairof complehismafY control signals on lines 2qi "55, . . . 

T/R swhch 18a couples an inpu? signaTfram common oi^ Pn^ f k ^'T""'^ ^^a, 52b. The 
the control signal on line 29i,. is fed to the gatHlTctrade 52n n ppt ^ 
a nonconducting state; correspondingly, the contror^an,1 ^'^'='"9 ""^T 50a in 

5 electrode 52b of FET 50b placing F^^SOb i"a coiffil 1?" ^ "PP"'" '° 'he gate 

conducting state, a short circuit ©(low impedanctnlth 'i.f'' "''"IT^ ^Ob in a 

of transmission line SSb coupled to the dra^n electrJdl Bdh^'^""''' " 58b' 
this point (at the second end of transnnisabn linrsK* ^L^n" ''"T' "L" *"'^'»'«»'gth from 
as an open circuit (S) (high impedance) to a m rrn^l l « "'^ "'^t end appears 

10 substantially similaMo the w3en«h o?theTorr«nn„^'''"^ t^""^ ''"^'"9 " wavelength 
for the bidirectional switch 18a. ^V^ronMnUnt i^^^^^ °' °P«^^«'°" 

FET 50a being in a nonconducting staVe aTpelrs as t I .^^ °P?" '■"""i"9 from 

port side 58a' of the transmission line 68a Thus a s^nn«l *^"'^'^>°" at the common 
the branch port 19a. In a similar manner by cha^ainaJhltL^T?" P°'* =°"P'«d «° 

1 5 control signals on lines 29i,. 29i, a mtoow^ve f«n,»„iL """'P'^nentary pair of 

• coupled to the branch port 2 la frequency signal on common port 20a may be 

apStSt^?s™[rrntn^taTor ^^^^^ ' ™^di,y 

realized. It is felt, therefore, that this inventionThouW^^^^^^^ ""^^ 
20 embodiments but rather should b " Sd oMv to th« 1'?^"°" *° 

Matter described hereinbefore is TscriLd and H "* '"^ aPPended claims. ; 

8305509 from which the presenrapSon is divS ''^'"'^^ P'^"' application No. 
CUIMS 

comprising:"'""" electromagnetic energy between a pair of terminals 2 

a phase shifter; 
a transmitter amplifier; 
a receiver amplifier; and 

phts'rlrjeTtru"gVL%^^^^^ '->na,s through the 3 

35 ii^ns':'?rdrc:iiv:x'''"" ^^^^ ^"^^^ *>ec.it%2:;"n'gr 

2. A transceiver element according to claim 1 , wherein the phase shifter orovides n^in to ^ 
:ru7meXTsi;r.''''«~™''^"^^^^^ - elac.ro''magneticte';;rptpa^g%"er 

40 Diuralitt o7s"^.ch«^ «nh "* '"r'""^' '° -^''T 1' ''"""^^ing means comprises: a 

Sirl« ' switches having a common port and a pair of branch 41 

ports, the common port of each one of a fir^t pair of such switchesls coupled to a 
oon-esponding one of such pair of terminals of the transceiver element; the common port of each 

tZ-fnl^Mh" °! '^'"^^^^ '=°"P'«'' <° 3 corresponding Z of the pa r of 

terminals of the phase shifter: the branch ports of a first one of such first pair of sw tches a™ 
45 coupled to corresponding first branch ports of each one of the se^nd pair 0 swiXs andThe 45 

se^nrf h h ' T"?" °r °' coupled by th9™mpnf^rs ,0 

second branch ports of each one of such second pair of switches ampiiiiers to 

o«fr «f^™-f r'^""^"' °''""9 ^'ai-" 1. wherein the switch means comprises: a first 

toLh.!^I7^r.L J*^* ''■?''"«."'=V Circuit; a second pair of transmission lines coupled SO 
together at a second common junction and to a first one of the pair of terminals of the phase 

f ec^nSTd^cLlVr^r''''' " "'^r""" P''^ °* transmission lines and hating 

,„n«hpr ,h- / '° ='"P''«='.- a third pair of transmission lines coupled 

« I-h L • ^"'^ '° ^ 5«'=°"<' one o« the pair of terminals of the phase 

55 shifter, having a first end coupled to a second end of the first pair of transmbslon I nes and 55 

having a second end coupled to the transmitter amplifier; a first pair of traSrs each 

h"'"^ output and control electrodes, with the output electrode of eac"one of such 

second Dair o t^a^lt'" '° ^~"<'»P<'"''^9 <" the second pair of transmission lines; and a 
fiO 6L«?«H» nf !il '"'T'' ""l* '""^O' having output and control electrodes, with the output 
'° Ssti^s^irntr ""'"^ ""P'*-^ " —ponding end of .he third pait 60 

coLo^^^nr^pSrbrr^^^^^^ • 
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transistors of each pair of trlnsL o s to «Lr e^ctrorlT/.'r ■ ''1""'' '° 
and tlirough the receiver amplifier n responsf to a fT«^I^^?° T^i^^ P*"^'' ^f^i" 

6 electromagnetic energy through the phase shifter Lrt /h '*'u """^"^ ''^""'^ ^nd to steer 

response to a second%ifferenTs«,e'^fX comrof ^^^^^ '""P"'^ 5 

has an^'ellSTrngtCl^o^^ of such transmission lines 

operating frequency " ""'^ °' ^ """^"^^ °* » wavelength of a corresponding 

« a tS^e^rtry^^^^^^^^^^^ phase shif,er.further comprises: 10 

(li) a second independentrcZro led Dha« iSf^ it ^, t*'""^ * P*'' °' terminals; 
wherein the switching mearis S cX'S^s ^ "'^'"^ = ««™'-'«.- 

(I) a pair of switches having a common port and a pair of branch oorts- 

is coupled- to an Input one of the paToH ^""'^ ^^'^^^^^ 

rntra^iisf-^Tii^^^^^^^^ 

.Oem.i.rstoacon,spo^^|^g- 

Fig's. 2^tS^rar;^pt;[ng^^^^^^^^ "-'""^'o- with reference to 

hefe^X^^Jel^— ^^^^^^^ 

he i4rv:?tn^— ^^^^^^^^^ " ^-ihed 30 

14 A microwavo transceiver element according to claim 9 and substantially as described 
hereinbefore with reference to Fig. 1 3 of the accompanying drawings ^ described 

qt; HaLriK^H r"*^^?^^;:® transceiver element according to claim 9 or 10 and substantially as 
35 described hereinbefore with reference to Rg. 14 of the accompanying drawings; 35 
hJLuff transceiver element according to claim 9 and substantially as described 

hereinbefore with reference to Fig. 1 5 of the accompanying drawings 

h« J" h ^ '"'<^''?^ave transceiver element according to claim 1 6 and substantially as described 

he embefore with reference to Figs. 1 6 and 1 7 of the accompanying drawings. 

d«frih«H irJ«!J;i;!y^/™"f^®''?'' elemem accorc«ng to any preceding claim and substantially as 40 

described hereinbefore with reference to Figs. 1 8 to 20 of the accompanying drawings. 

PuMithad at.Th. Pitmt 6ll«e. 25 Southampton Buildingi. London. WC2A 1 AY. Irom which cepitt may bo obtatnod. 
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